












A b s t r a c t
Due	to	latent	heat	storage	potential,	phase	change	materials	can	be	implemented	in	building	
materials	to	improve	energy	performance	and	thermal	comfort.	Nevertheless,	the	phase	change	
effect	 is	 quite	 a	 complex	 phenomenon	 for	 numerical	 modelling	 and	 different	methods	 can	
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S t r e s z c z e n i e
W	 artykule	 przedstawiono	 skrócony	 przegląd	 metod	 modelowania	 numerycznego	 zjawisk	
przemiany	fazowej	oraz	możliwości	oceny	akumulacji	ciepła	utajonego	w	komponentach	mo-




Słowa kluczowe: materiały fazowo zmienne, ciepło utajone, symulacje energetyczne 
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Nomenclature 
C –  heat	capacity	[J/kgK]
H	 –		 enthalpy	[J/kg]
k	 –		 thermal	conductivity	[W/mK]
L  –		 latent	heat	[J/kg]
ρ  –		 density	[kg/m3]
t  –		 time	[s]
T  –		 temperature	[K]
Subscripts:
eff  –		 effective
M  –		 melting
S –		 solidification
1. Introduction
Nowadays,	 incorporation	 of	 phase	 change	 materials	 (PCMs)	 within	 construction	
components	and	building	elements	is	increasingly	being	considered	and	tested.	Heat	storage	
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The	 classification	 of	 numerical	 algorithms	 for	 phase-change	 phenomena	 description	
proposed	by	 Idelsohn	 [2]	presupposes	a	division	 into	 two	groups:	 front	 tracking	methods	
(fixed	mesh,	 variable	mesh,	moving	mesh,	moving	 boundary	 element)	 and	 fixed	 domain	
methods	(apparent	heat	capacity,	enthalpy	based	formulation,	fictitious	heat	flow,	freezing	








Despite	 the	 selection	 of	 a	 specific	 numerical	 algorithm,	 the	 choice	 of	 a	 numerical	
method	 for	approximating	 the	solution	 is	also	crucial	 for	 the	accuracy	of	 the	 results.	The	
most	commonly	used	method	is	the	finite-difference	method	which	allows	to	approximate	
derivatives	by	Taylor	Series	expansion.	 It	 can	be	achieved	by	explicit,	 implicit	or	Crank-
Nicholson	method,	using	forward,	backward	or	central	difference	at	time,	respectively.	Due	
to	 non-linear	 dependence	 of	 heat	 capacity	 on	 temperature,	which	 is	 used	 to	 estimate	 the	










method.	 In	 that	method,	 enthalpy	 is	 represented	 by	 effective	 heat	 capacity	 –	 temperature	
dependence:
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As	 stated	 before,	 calculation	 can	 be	 proceeded	 using	 explicit	 or	 implicit	 method	 of	
solution.	Due	to	sharply	changing	function	of	effective	heat	capacity,	proper	assumption	of	
the	time	step	size	is	crucial	while	using	explicit	method.	Calculation	step	has	to	be	small	to	
avoid	 the	situation	when	 the	 temperature	“jumps”	past	 the	solidification	point	 in	one	step	
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and	latent	heat	is	ignored	[6].	Nevertheless,	effective	heat	capacity	method	allows	us	to	use	





heat	 capacity	 in	 form	of	 its	 integral	 form	H(T)	with	 respect	 to	 temperature.	This	method	
assumes	that	enthalpy	is	a	sum	of	sensible	and	latent	heat	[8]:
 H T h T Lf T( ) ( ) ( )= + 	 (6)
where:
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Solution	 of	 one-dimensional	 conduction	 finite	 difference	 (CondFD)	 algorithm	 can	 be	









of	 the	 former	method)	 or	 in	 the	 form	 of	 a	 stand-alone	module	 in	 the	C++	 programming	
language.	
3.3.	ESP-r	
Energy	 performance	 of	 PCM	modified	 components	 can	 be	 evaluated	 using	 an	 active	










4. Discussion and further work
In	this	paper,	three	simulation	tools	calculating	non-linear	thermal	properties	of	PCMs	
have	 been	 described	 and	 discussed.	Authors	 also	 presented	 and	 compared	 two	 numerical	
166
methods	of	assessing	 the	effect	of	phase	change	and	 latent	heat	generation:	effective	heat	
capacity	 method	 and	 enthalpy	 method.	 The	 former	 method	 allows	 us	 to	 determine	 the	






taking	 into	account	 all	variables	 and	using	appropriate	 simulation	 tools.	Furthermore,	 the	
accuracy	of	obtained	results	should	match	the	scope	of	the	analysis	–	analysis	of	a	particular	
element,	 entire	 façade	 or	 whole	 building	 analysis.	Authors	 investigated	 the	 possibilities	
of	 application	 mentioned	 numerical	 methods	 and	 concluded	 that	 further	 experimental	
investigations	are	necessary	to	confirm	the	accuracy	and	applicability	of	presented	methods.
This work was funded by The National Centre for Research and Development as part of the project 
entitled: “Promoting Sustainable Approaches Towards Energy Efficiency in Buildings as Tools Towards 
Climate Protection in German and Polish Cities: developing façade technology for zero-emission 
buildings” (acronym: GPEE).
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